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ABSTRACT
Objective: Premature skin aging is caused by increased elastase proteolytic activity, which causes elastin breakdown and disorganization in connective 
tissue, reducing elasticity and flexibility, and wrinkling skin. Natural compounds in plants, especially polyphenols, inhibit elastase proteolytic 
activity and prevent premature skin aging. Star fruit (Averrhoa carambola L.) leaves contain many polyphenols with antioxidant, anti-inflammatory, 
hypoglycemic, and antimicrobial activities. However, no studies have shown that A. carambola leaves inhibit elastase proteolytic activity.
Methods: This study tested the inhibition of elastase proteolytic activity by the water fractions (WF), ethyl acetate fractions, and n-hexane fractions 
of A. carambola leaves from the Depok, Sukabumi, and Subang regions of West Java. Each fraction was tested using a microplate reader, and the total 
phenolic and flavonoid content was determined for the most active fraction.
Results: The WF of the A. carambola leaves from Depok was the most active fraction, with a half-maximal inhibitory concentration of 160.36 µg/mL. 
The total phenolic and flavonoid content in the WF was 115.68 mg gallic acid equivalent/g extract and 9.15 mg quercetin equivalent/g extract, 
respectively.
Conclusion: The WF of A. carambola leaves is a natural material that may inhibit elastase proteolytic activity and prevents premature skin aging.
Keywords: Premature skin aging, Elastase, Elastin, Averrhoa carambola L.’s leaves.
INTRODUCTION
Skin aging is a multisystem, degenerative process involving the skin and 
its supporting systems [1]. It is influenced by both intrinsic and extrinsic 
factors. Intrinsic skin aging, or natural aging, is due to factors in the 
body that cause changes in skin elasticity, while extrinsic skin aging, or 
photoaging, is caused by environmental factors, especially ultraviolet 
(UV) radiation that induces free radicals to cause skin aging [2]. Elastin 
is an extracellular matrix protein that provides resistance and elasticity 
to tissues and organs. One enzyme that significantly affects premature 
skin aging is elastase [3]. Increased or excessive elastase proteolytic 
activity can increase elastin breakdown and disorganization, which 
leads to decreased skin elasticity and flexibility, resulting in prematurely 
aging skin [4].
Natural compounds found in plants can inhibit elastase proteolytic 
activity and may be helpful in overcoming premature skin aging [5]. 
Previous studies have reported that several polyphenols, such 
as epigallocatechin gallate, catechins, gallic acid, quercetin, and 
kaempferol, are effective in preventing and treating skin aging [6,7]. 
Polyphenols are a large group of chemical compounds, synthesized 
by plants, with antioxidant and anti-inflammatory activities. They 
protect the skin against oxidative stress and inhibit elastase proteolytic 
activity [8,9].
One polyphenol-containing plant with the potential to prevent 
premature skin aging is the star fruit (Averrhoa carambola L.). 
A. carambola originates from Asia and is widespread in tropical regions, 
including Indonesia. There are several varieties of A. carambola found in 
Indonesia, such as the Dewi variety originating from Depok City (known 
as “star fruit city”), which has been confirmed as a superior variety 
under the name Dewi Murni (Decree of the Minister of Agriculture 
No. 717/Kpts/Tp.240/8/98).
A. carambola provides many benefits. While the most widely used 
part is the fruit, the leaves are used in traditional medicines as 
appetite enhancers, laxatives, and fever reducers, anti-inflammatories, 
etc. [10,11]. The leaves also have antioxidant, anti-inflammatory, 
hypoglycemic, antimicrobial, and antihelmintic activities [10,12,13]. 
One study showed that the total phenolic and flavonoid content in 
A. carambola leaves is 112-mg gallic acid equivalent (GAE) per gram 
of extract and 18.18 mg quercetin equivalent (QE) per gram of extract, 
respectively [11]. The leaves are easily obtainable and abundant 
compared to other parts of the plant, guaranteeing raw material 
sustainability, and increasing the leaves’ economic value [14].
However, no studies have reported whether the water fractions 
(WF), ethyl acetate fractions (EAF), and n-hexane fractions (NHF) of 
A. carambola leaves can inhibit elastase proteolytic activity to prevent 
and overcome skin aging. Therefore, this study aimed to examine the 
inhibition of elastase proteolytic activity by the most active fraction of 
A. carambola leaves from three different regions of West Java, Indonesia, 
Depok, Sukabumi, and Subang.
MATERIALS AND METHODS
Materials
A. carambola leaves from Depok, Sukabumi, and Subang were obtained 
from the Research Institute of Herbs and Medicinal Plants (Balitro, 
Bogor, Indonesia) and identified by a botanist at the Center for Plant 
Conservation Botanical Gardens, Indonesian Institute of Sciences (LIPI, 
Bogor, Indonesia). Quercetin (Sigma-Aldrich, St. Louis, MO, USA) was 
used as a positive control to test the inhibitory activity of A. carambola 
leaves and determine the total flavonoid content, while gallic acid 
(Sigma-Aldrich, Q4951) was used as a standard to determine the total 
phenolic content (TPC). Porcine pancreatic elastase (PPE; E1250), 
N-succinyl-Ala-Ala-Ala-p-nitroanilide (SANA; S4760), and Trizma base 
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(2-amino-2-hydroxymethyl-propane-1,3-diol) were obtained from 
Sigma-Aldrich. All extraction and fractionation solvents (distilled water, 
ethyl acetate, and n-hexane) were obtained from Brataco, Indonesia. All 
reagents for determining the total phenolic and flavonoid content and 
for phytochemical screening were obtained from Merck, Germany.
Preparation of materials
A. carambola leaves were powdered, using a grinding machine or 
blender, and then macroscopically and microscopically identified.
Extraction
A. carambola leaf extract was obtained by maceration using 70% 
ethanol as a solvent. Briefly, the dried A. carambola leaf powder was 
put in a container, which was then filled with 70% ethanol in a powder 
(g):solvent (mL) ratio of 1:10. The powder was soaked for 6 h, with 
stirring, and then allowed to stand for 18 h. Then, the macerate was 
separated by precipitation and filtration and finally evaporated in a 
rotary vacuum evaporator and water bath at 50 °C until a crude extract 
was obtained.




Crude extract weightYield( %)= 100%
Sample weight  
(1)
Fractionation
Fractionation (liquid-liquid partition) was carried out using n-hexane 
(nonpolar), ethyl acetate (semipolar), and distilled water (polar) to 
separate substances according to polarity. Warm, distilled water 
was added for a crude extract (g):solvent (mL) ratio of 1:10. Then, 
n-hexane was added for partitioning; the mixture was shaken thrice 
for 5 min each time in a separating funnel, and it was allowed to stand 
for 3 h until two layers of water (bottom) and n-hexane (top) were 
formed. The two layers were separated; this process was carried out 
thrice until no more compounds could be separated. The n-hexane 
layers were combined, forming the NHF, while the water layers were 
partitioned further, as before, using ethyl acetate. The semipolar 
fraction of the residual results of ethyl acetate partitioning was 
obtained by concentration in a rotary vacuum evaporator at a speed 
of 100 rpm at 40°C.
Elastase proteolytic activity inhibition test on the positive control
Elastase proteolytic activity inhibition was evaluated in vitro using 
a PPE enzyme inhibitory assay, as described by Wittenauer et al. [3] 
and Desmiyati et al. [15], with some modifications. PPE inhibition was 
determined using SANA as a substrate.
The assay consisted of a blank (substrate and enzyme), a blank control 
(substrate and buffer without enzyme), the sample (sample, enzyme, 
and substrate), and a sample control (sample and substrate without 
enzyme). The reaction mixture contained 100 mM Tris-HCl buffer 
(pH 8), 0.8 U/mL of PPE, 2.9 mM SANA (Table 1). The reaction mixture 
was pre-incubated for 20 min at 25°C. Quercetin was used as a positive 
control.
The test was carried out by making quercetin solutions with 
concentrations of 1000, 1500, 2000, 2500, and 3000 µg/mL (the final 
concentrations of quercetin in the reaction were 100, 150, 200, 250, 
and 300 µg/mL). The reaction product was monitored by measuring 
absorbance at a wavelength of 401 nm using a VersaMax enzyme-linked 
immunosorbent assay (ELISA) microplate reader (X, USA).
Elastase proteolytic activity inhibition was expressed as the percentage 
inhibition relative to the corresponding control. The percentage 
inhibition was calculated as








S1   100%
C  
(2)
where C is the absorbance of the blank (blank–blank control) or enzyme 
activity without an inhibitor, and S is the absorbance of the sample 
(sample–sample control) or enzyme activity in the presence of an inhibitor.
The half-maximal inhibitory concentration (IC50) of the sample that 
inhibited 50% of elastase proteolytic activity under test conditions 
was obtained by making a linear regression equation with the sample 
concentration as the X-axis and the percentage inhibition as the Y-axis 







Elastase proteolytic activity inhibition test on the sample
The percentage inhibition of the WF, EAF, and NHF of the A. carambola 
leaves from Depok, Sukabumi, and Subang was screened to find out the 
most active fraction with the greatest potential for inhibiting elastase 
proteolytic activity. The final sample concentration used for testing was 
200 µg/mL.
Phytochemical screening
Phytochemical screening includes the identification of flavonoids, 
alkaloids, tannins, terpenoids, saponins, glycosides, and 
anthraquinones. Phytochemical screening was performed to determine 
the phytochemical compounds contained in the most active fraction. 
Phytochemical screening for the active fraction was conducted by the 
qualitative method, as described by the Indonesian Materia Medika 
(1995) [16] and Harborne [17], using the alkaloid test with Mayer, 
Dragendorff, and Bouchardat reagents; the flavonoid test with the 
Shinoda and Wilson Toubock reaction; the tannin test with gelatin, 
gelatin-salt, and ferrous (III) chloride; the saponin test with honeycomb 
froth; the terpenoid test with Liebermann–Burchard reagent; and the 
anthraquinone test with the Borntrager reaction.
Determination of the TPC
The TPC was determined using the Folin–Ciocalteu method, as given by 
Singleton et al. [18] and Pratami et al. [19], with some modifications. 
Briefly, 25 µL of the sample or standard solution was mixed with 100 µL of 
1:4 diluted Folin–Ciocalteu reagent, shaken for 60 s in a 96-well microplate 
and incubated for 4 min. Then, 75 µL of sodium carbonate solution 
(100 g/L) was added to the mixture and shaken for 60 s. The mixture was 
incubated at room temperature for 2 h. Absorbance was measured at a 
wavelength of 765 nm using a VersaMax ELISA microplate reader.
Before testing the sample, gallic acid was tested as a standard to obtain 
a linear regression equation to calculate the TPC in the sample. Gallic 
acid was diluted in six final concentrations: 3.125, 6.250, 9.375, 12.500, 
15.625, and 18.750 µg/mL. The calibration curve of gallic acid with the 
six final concentrations was monitored by measuring the absorbance 
using a microplate reader at a wavelength of 765 nm, and the following 
linear regression equation was calculated using Microsoft Excel:







Demineralized aqua 20 20 - -
Sample - - 20 20
Tris-HCl Buffer 100 mM pH 8 140 160 140 160
Elastase Enzyme (0,8 U/mL) 20 - 20 -
N-succinyl-(Ala) 
3-p-nitroanilide 2.9 mM
20 20 20 20
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 Y = 0.0471X + 0.0601 and R² = 0.9993 (4)
where Y is the yield in GAE (TPC) and X is the absorbance of gallic acid 
or the sample.
After that, the TPC in the sample was determined. All experiments were 
carried out in triplicate.
Determination of the total flavonoid content
The total flavonoid content was determined according to the methods 
given in Pharmacopoeia Herbal Indonesia Supplement III [20] using 
a quercetin comparator. Quercetin was used as a standard to develop 
calibration curves with different concentrations of 12.5, 25.0, 50.0, 
80.0, and 100.0 µg/mL in 80% ethanol. To determine the total flavonoid 
content, a solution of quercetin or active fraction in 0.5 mL was mixed 
with 1.5 mL of ethanol, 0.1 mL of 10% AlCl3 solution, 0.1 mL of 1 M 
sodium acetate, and 2.8 mL of distilled water in a test tube. For a sample 
blank, the sample containing the listed components except AlCl3 was 
replaced by the same quantity of distilled water. The mixture was 
shaken and incubated at room temperature for 30 min. Absorbance 
was measured using a Shimadzu 265 UV-visible spectrophotometer 
(Shimadzu, Japan) at a wavelength of 430 nm. The total flavonoid 
content was derived from the calibration curve.
In measuring the total flavonoid content, the net absorption value was 
plotted against the quercetin standard curve, and then the value of the 
total flavonoid content was calculated.
Statistical analysis
Differences in the average percentage inhibition of elastase proteolytic 
activity were analyzed by analysis of variance. P < 0.05 was considered 
statistically significant.
A correlation test was conducted between TPC and percentage inhibition 
and also between the total flavonoid content and percentage inhibition 
using Pearson’s correlation because the data were distributed normally.
RESULTS
Extraction
Table 2 shows the crude extract yield obtained from A. carambola leaves 
from Depok, Sukabumi, and Subang: 32.22%, 23.68%, and 35.28%, 
respectively.
Fractionation
Table 3 shows the yield of the WF, EAF, and NHF of A. carambola leaves 
from Depok, Sukabumi, and Subang. As shown, the WF, EAF, and NHF 
yields were highest in samples from Subang, followed by Depok and 
Sukabumi.
Elastase proteolytic activity inhibition test on the control
Test results of quercetin inhibition of elastase proteolytic activity are 
shown in Table 4. Based on the results, the percentage inhibition value 
was obtained at each quercetin concentration, and the linear regression 
equation was y = 0.3038x−10.761. The percentage inhibition was 
highest (79.33%) at a quercetin concentration of 300 µg/mL, and the 
quercetin IC50 was 200.003 µg/mL.
Elastase proteolytic activity inhibition test on the sample
The percentage inhibition values of the WF, EAF, and NHF of A. carambola 
leaves from Depok, Subang, and Sukabumi are depicted in Table 5 
and Fig. 1. As shown in Table 5, the percentage inhibition of all three 
fractions was highest (64.66%, 39.22%, and 18.62%, respectively) for 
A. carambola leaves from Depok, followed by Subang and Sukabumi. 
In addition, the WF produced higher percentage inhibition compared 
to the EAF and NHF obtained from A. carambola leaves from Depok, 
Subang, and Sukabumi (Table 5). Therefore, the WF of A. carambola 
leaves from Depok is the most active fraction for inhibiting elastase 
proteolytic activity.
Phytochemical screening
Table 6 shows phytochemical screening results for the WF of 
A. carambola leaves from Depok. The WF of A. carambola leaves 
contained flavonoids, alkaloids, tannins, saponins, glycosides, and 
terpenoids. The percentage inhibition was highest (83.82%) at the 
highest WF final concentration of 300 µg/mL.
The higher the sample concentration, the higher the percentage 
inhibition. Based on these results, linear regression values were 
calculated, which could be used as IC50 calculations. As mentioned 
earlier, the quercetin IC50 was 200.003 µg/mL. In contrast, the WF 
IC50 was 160.36 µg/mL (Table 6). These results showed that the WF 
of A. carambola leaves has better inhibitory activity compared to 
quercetin.
Fig. 1: Percentage inhibition of WF, EAF, and NHF of the leaves of 
Averrhoa carambola from Depok, Sukabumi, and Subang. WF: Water 
fraction; EAF: Ethyl acetate fraction; NHF: n-hexane fraction
Table 2: Yield of crude extract obtained from leaves of 
A. carambola from Depok, Sukabumi, and Subang







Depok 1400 451.13 32.22
Sukabumi 700 165.79 23.68
Subang 700 246.59 35.28
A. carambola: Averrhoa carambola
Table 3: Yield of WF, EAF, and NHF of the leaves of A. carambola from Depok, Subang, and Sukabumi
Origin area of A. carambola Fraction Weight of crude extract fractionated (g) Fraction weight (g) Yield (%)
Depok Water 401.13 167.34 41.72
Ethyl acetate 401.13 16.83 4.195
n-hexane 401.13 3.25 0.81
Subang Water 246.59 133.18 54.01
Ethyl acetate 246.59 15.24 6.18
n-hexane 246.59 2.62 1.06
Sukabumi Water 165.79 54.52 32.88
Ethyl acetate 165.79 6.30 3.88
n-hexane 165.79 1.03 0.62
WF: Water fraction; EAF: Ethyl acetate fraction; NHF: n-hexane fraction; A. carambola: Averrhoa carambola
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Table 7 shows test results for the presence of various phytochemical 
compounds in the WF of A. carambola leaves from Depok, Subang, and 
Sukabumi. As shown, the WFs from all three regions were positive for 
all compounds except anthraquinone.
TPC in the most active fraction
The TPC values of the WF of A. carambola leaves from Depok, Subang, 
and Sukabumi are given in Table 8. The TPC was highest (115.68 mg 
GAE/g fraction) for the WF of the leaves of A. carambola from Depok.
Based on a statistical analysis of the relationship between the TPC and 
elastase proteolytic activity inhibition, data were normally distributed, 
with p=0.940 (p>0.05). Based on Pearson’s correlation, p=0.034 
(p<0.05) showed that the TPC significantly affects elastase proteolytic 
activity inhibition. The correlation value was 0.999 (r approaching 1), 
indicating that the TPC is positively correlated with elastase proteolytic 
activity inhibition.
Total flavonoid content in the most active fraction
The standard curve for pure quercetin absorbance versus concentration 
was linear (y = 0.082x−0.006; r = 0.9996), which was used to estimate 
the total flavonoid content in the WFs of A. carambola leaves from 
Depok, Subang, and Sukabumi (Table 9). The total flavonoid content 
was highest (9.15 mg QE/g fraction) for the WF of A. carambola leaves 
from Depok, while it was not significantly different for Subang and 
Sukabumi (8.68 vs. 8.38 mg QE/g fraction).
Based on a statistical analysis of the relationship between the total 
flavonoid content and elastase proteolytic activity inhibition, data 
were distributed normally, with p=0.758 (p>0.05). Based on Pearson’s 
correlation, p=0.036 (p<0.05) showed that the total flavonoid content 
significantly affects elastase proteolytic activity inhibition. The 
correlation value was 0.998 (r approaching 1), indicating that the total 




Maceration is an extraction process that involves soaking a sample in 
a solvent at room temperature and shaking or stirring several times 
until the required macerate concentration is obtained in a balanced 
state [21]. Maceration was selected in this study because, in addition to 
being simple, it uses solvents, which break down the cell wall and cell 
membrane because of the pressure difference between the inside and 
the outside of the cell. Secondary metabolites in the cytoplasm dissolve 
in the solvents, making compound extraction efficient [22]. In addition, 
maceration is performed at room temperature, minimizing damage 
to, or degradation of, secondary metabolites. Ethanol was selected 
because it met the criteria of a good solvent that is cheap, easy to obtain, 
physically and chemically stable, neutral, non-flammable, and selective, 
i.e., it attracts only the desired nutritious substances and does not affect 
the active substance. Ethanol has a good ability to attract polyphenols 
and flavonoids found in A. carambola leaves, because, in general, 
flavonoids bind to sugars to form glycosides. Therefore, flavonoids 
dissolve more easily in polar solvents, such as ethanol, methanol, and 
butanol [23]. Nabilah et al. reported that 70% ethanol gives the highest 
yield (43.04%) compared to 50% ethanol (36.27%) and 96% ethanol 
(22.55%) [24]. In addition, 70% of ethanol produces the highest phenol 
and flavonoid values [25].
Fractionation
Fractionation is a procedure that separates compounds into smaller 
fractions based on their polarity. The method involves using two 
solvents that do not mix. N-hexane has a dielectric constant of 2.2 and 
attracts non-polar compounds such as chlorophyll, fat, triterpenoids, 
and steroids. Ethyl acetate has a dielectric constant of 6.02 and attracts 
semi-polar compounds, such as isoflavones, flavones, flavonoids, and 
flavonols. Water has a highly polar dielectric constant of 80.4 and is 
used to attract polar compounds, such as alkaloids, tannins, saponins, 
and flavonoids.
Elastase proteolytic activity inhibition test on the positive control
Quercetin is a flavonoid compound, widely available in various 
plants, which inhibits elastase activity. The resulting quercetin IC50 of 
200.003 µg/mL was slightly different compared to a previous study 
(221.69 µg/mL) [26]. This was due to different test conditions.
Elastase proteolytic activity inhibition test on the sample
Differences in A. carambola growth sites can affect elastase proteolytic 
activity inhibition because of the effects of environmental factors, such as 
differences in site height, humidity, and rainfall, which affect the chemical 
content of a plant. This, in turn, affects its inhibitory activity [27].
Phenolic compounds, such as epicatechin, catechin, epigallocatechin, 
and gallic acid, and flavonoids, such as quercetin, kaempferol, and 
myricetin, can significantly inhibit elastase proteolytic activity [3,28]. 
The WF of A. carambola leaves contains flavonoids, alkaloids, tannin, 
saponins, glycosides, and terpenoids. In addition, Chen et al. [8] 
reported that the polar fraction of A. carambola leaves contains 
several polyphenols, such as gallic acid, proanthocyanidin, and 
catechins. The flavonoids in A. carambola leaves include flavonoid 
O-glycosides (e.g., quercetin-3-O-β-D glycosides and routine). Other 
Table 4: Percentage inhibition of elastase proteolytic activity by 
quercetin at different concentrations
Final concentration 
















Table 5: Percentage inhibition of WF, EAF, and NHF of the leaves 









Water Depok 200 64.66
Ethyl acetate 200 39.22
n-hexane 200 18.62
Water Sukabumi 200 50.84
Ethyl acetate 200 26.55
n-hexane 200 10.33
Water Subang 200 55.53
Ethyl acetate 200 32.94
n-hexane 200 17.32
WF: Water fraction; EAF: Ethyl acetate fraction; NHF: n-hexane fraction; 
A. carambola: Averrhoa carambola
Table 6: Percentage inhibition and IC50 for elastase proteolytic 
activity by WF (the most active fraction) of the leaves of 
A. carambola from Depok
Final concentration 
















WF: Water fraction, IC50: Half-maximal inhibitory concentration, 
A. carambola: Averrhoa carambola
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components identified in A. carambola leaves include quercetin-3-O-
β-D glycosides, quercetin-3-O-rhamnosida, routine, sianidin-3-O-β-D 
glycosides, sianidin-3.5-O-β-D diglucoside, C-glycosides, and flavonoids 
such as apigenin-6-C-β-L-fucopyranoside, apigenin-6-C-(2”-O-α-L-
rhamnopyranosyl)-β-L-fucopyranoside, and 6-C-β-1-fucopiranoside 
(also known as caramboflavone) [12,29,30].
Polyphenols inhibit elastase proteolytic activity by forming hydrogen 
bonds between their hydroxyl group with amino acids in the enzyme, 
causing a hydrophobic effect that results in a complex or aggregate, 
insoluble precipitate, which decreases catalytic activity and denatures 
the enzyme. Polyphenols form hydrogen bonds with amino acids in 
PPE: Serine, histamine, and aspartate residues known as the catalytic 
triad [31]. These findings indicate that the WF of A. carambola leaves 
plays a major role in inhibiting elastase proteolytic activity.
Total phenolic and flavonoid content in the most active fraction
The higher the TPC and total flavonoid content, the higher the elastase 
proteolytic activity inhibition. This finding is consistent with previous 
studies indicating that polyphenols, including flavonoids, play an 
important role in inhibiting elastase proteolytic activity [3,25].
CONCLUSION
The WF of A. carambola leaves from Depok is the most active fraction 
and has the highest elastase proteolytic activity inhibition, with 
IC50=160.36 µg/mL. The total phenolic and flavonoid content is directly 
proportional to elastase proteolytic activity inhibition. The higher the 
total phenolic and flavonoid content, the higher the elastase proteolytic 
activity inhibition. Therefore, the WF of A. carambola leaves is a natural 
material that could inhibit elastase proteolytic activity and prevent 
premature skin aging.
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